Introduction
Intake of vegetables and fruits is promoted by several US government and national health agencies to support optimal health.
1,2 Versions of US food guides published between 1940 and 1970 referred to the "vegetable and fruit group" as part of the daily diet recommendations. The US Department of Agriculture (USDA) created separate vegetable and fruit groups in 1984 for the Food Wheel: A Pattern for Daily Food Choices prepared for the Red Cross. 3 The original USDA Food Pyramid, 4 MyPyramid.gov, 5 and the most recent, MyPlate.gov, 6 all have separate vegetable and fruit groups. 3 However, many other public health messages still combine the two and list "fruits" first. Examples include the Centers for Disease Control and Prevention (CDC) Five-a-Day 7 program and its successor, Fruit and Veggies: More Matters. 8 Similarly, in a search of scientific literature indexed in MEDLINE using PubMed.gov we found six to eight times more English language articles published over the past 10 years with "fruits and vegetables" in their titles versus "vegetables and fruits." Is there a return to vegetable rapture in health messaging, or is it just random word choice to put vegetables first in these situations?
However, a trend of listing "vegetables" first appears to have emerged recently in some public health messaging. The Nutrition Source, Harvard T. H. Chan School of Public Health's nutrition information website, refers to "vegetables and fruits" as part of a healthy diet. 9 The 2015 Dietary Guidelines for Americans emphasize that Americans should increase their intake of "vegetables and fruits." 2 One of Healthy Canada's public health messages is to eat more "vegetables and fruits." 10 Is there a return to vegetable rapture in health messaging, or is it just random word choice to put vegetables first in these situations? The aim of this project was to explore rationales for word order, including linguistics, psychology, botany, nutrition, health outcomes, and the alignment of current US intake with US recommendations for intake, to determine whether there were compelling reasons to think that vegetables squash fruits and should be put first in the word order of health messages.
The Linguistics of Food
In many languages, the order of words can change the meaning of the sentence, or just show the importance of one over the other. "Fruits and vegetables" is a common binomial in the English language, where the word order is predictable. A binomial is a sequence of two words from the same word class that are linked by a conjunction and are usually said in the same order. 11 The word order of binomial expressions typically follows set linguistic standards, although these rules are debated by linguists. 12, 13 The order of some common binomials in the English language can be predicted from rhythm (eg, "peas and carrots"), length of the words (eg, "oil and vinegar"), or both the combination of length and position of the stressed syllable (eg, "salt and pepper"). Word order that utilizes alternating rhythm between the stress syllables of binaries is more common than word order with an irregular pattern of syllable stressing.
14 In this example, "fruits and vegetables" has a shorter space between the stressed syllables of the words than "vegetables and fruits." Mollin 12 and Malkiel 15 both suggest that the reason for the order of binomials in language can be simply that the first word has fewer syllables than the second as in "rich and famous," and "time and money." From a linguistics perspective, binomial word order is partially dependent on metrics, rhythm, and count of syllables; therefore, the word order "fruits and vegetables" simply sounds better when "fruits" is said first.
Psychology of Word Order
Psychologists have found the predictability of word order in multiword phrases influences their persistence in memory and that by processing an unfamiliar phrase, the reader must think about it for more time. 16 Similarly, unfamiliar bionomial phrases and garden path statements (eg, "Time flies like an arrow; fruit flies like a banana") often need to be read more than once in order to understand their meaning. 17 This additional processing time, measured as an event-related potential in the brain known as P600, is elicited when the brain requires more thought resources to understand the inconsistency in the actual versus the expected word order in a phrase. 18 The cognitive load of processing an unfamiliar phrase can also be explained by Levy's Surprisal Theory, 19 where a flipped binomial like "vegetables and fruits" may provide enough of a surprise to the reader to require more processing time and, therefore, may become more entrenched in memory. Could this change in the familiar order of words in a commonly heard public health message be the proverbial carrot that entices American consumers to think twice about their food intake preferences?
Botany of Vegetables Versus Fruits
An issue of relevance to add to this discussion is the confusion regarding the distinction between what constitutes a vegetable versus a fruit in the United States. 20 The confusion typically arises from differences between culinary versus botanical classifications. Foods that fall into the culinary classification of vegetable include both botanical vegetables as well as some botanical fruits (eg, bell peppers, tomatoes, and eggplant). To clarify this distinction, it is informative to look through the lens of plant anatomy.
Botanically, a fruit is the reproductive outcome of floral pollination and is the ripened ovary of flowering plants. The term fruit defines those foods humans use as food and recognize as fruits, such as an apple, but scientifically is the result of a plant's resources to ensure the proliferation of their particular plant species. Plants create the fruits we eat as a means to disseminate seeds using animals. Frugivore animals will smell the ripe fruit, ingest it, and then travel around and deposit the seeds elsewhere after the flesh of the fruit is digested.
The word vegetable originates from the growth of the vegetative parts of the plant that are of the plant's body and are not the result of floral pollination. For example, the potato is actually a stem tuber that grows underground and is a source of nutrition for the plant; it is, thus, considered a storage organ. A carrot is the taproot of the entire plant, and onions are bulbs or short stems with fleshy leaves-both of which are also storage organs. Lettuce is the entire plant, and celery includes the stalks of the entire plant body. Broccoli, Brussels sprouts, and kale are all the same species but different cultivars or breeds of Brassica oleracea that were selected for their specific vegetable offerings: Brussels sprouts are small, densely leaved buds; broccoli has thick stems with abundant stalks holding many little flowers; kale has large edible leaves; and all have the beneficial phytochemicals found in cruciferous vegetables. 21 All vegetables are from parts of the plant body itself and not the result of plant reproduction efforts that result in a seed-dispersal organ or a fruit.
A classic example illustrating the public confusion of vegetables and fruits is the tomato. Tomatoes-the second most consumed vegetable in the United States 22 -are botanically fruit, yet most people consider them a vegetable. In 1883, the tomato was the center of a court decision involving taxesvegetables were taxed, whereas fruits were not. The plaintiff from the West Indies was selling tomatoes as fruit to avoid this tax. It was legally decided that tomatoes are, in fact, vegetables in the light of tariffs and common speech 23 : law 1, botany 0?! Therefore, tomatoes are legally categorized as vegetables, whereas other botanical fruits (eg, peppers, cucumbers, eggplant, and olives) are classified as vegetables because of their culinary uses and savory flavors.
The botanical guidelines for characterizing produce as vegetable, fruit, or other (eg, grains, tubers, or stems) can be confusing to nonbotanists. However, for botanists, it is clear which are true vegetables and fruits. Given that the average consumer of vegetables and fruits is not a botanist, we will use culinary classifications rather than botanical guidelines to distinguish between the two.
Contrasting Commonly Consumed Vegetables and Fruits
Consideration of the nutrients that people receive when consuming their favorite vegetables and fruits is one way to rationalize which of these botanical wonders-vegetables or fruits-should come first in public health messages. Table 1 lists the top 10 vegetables and fruits consumed by weight in the United States each year as reported by the USDA.
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For the purpose of comparison, we considered serving size and energy content (ie, Calories, or kilocalories [kcals]). Serving sizes vary depending on which US governmental agency you ask. We used Nutrition Labeling and Education Act (NLEA) servings as set by the US Food and Drug Administration 25 because these represent commonly eaten food portions. Some foods included in the analysis did not have NLEA serving sizes established, so the authors estimated serving size based on USDA serving sizes. 26 There are different serving sizes for each type of food. Given that serving sizes vary, we also analyzed the nutrient content of 100 kcal portions of each vegetable and fruit to make sure that we were comparing broccoli to broccoli and apples to apples. Table 2 presents the specific serving sizes used in the analyses. Additionally, we compared the nutrients per serving, 100 kcal, and 100 g for the top 15 and top 25 consumed vegetables and fruits (by weight) as well as all vegetables and fruits for which at least 1 pound per capita per year was eaten in the United States. We found a similar pattern when examining per serving, 100 kcal, or 100 g whether we looked at the top 10, 15, or 25 most commonly consumed vegetables and fruits. Therefore, for ease of presentation we chose to display the analysis for only the top 10 in Table 2 .
Another option considered for analysis was to exclude white potatoes from vegetables (because they are classified as a starch in USDA's MyPlate and often eaten as a fried food), iceberg lettuce from vegetables (because they are widely recognized for lack of significant nutritional content), and avocados from fruits (because they are not considered a fruit by culinary classification). However, we did not want to be accused of cherry-picking, so all three remained in our final analyses.
Nutrient Density of Vegetables and Fruits
Increasing both vegetable and fruit intake is a nearly universal dietary recommendation. Prioritizing one over the other to optimize health could be based on nutrient density or other nutrient quality scores. These scores can be a useful way to distinguish which foods pack the most nutritional punch.
Two scores that have been used to rank foods are the Aggregate Nutrient Density Index (ANDI) and NuVal scores. The ANDI score divides the total nutrients in the food by the number of calories per serving; it includes 35 vitamins and minerals as well as other nutrients such as fiber, antioxidants, phytosterols, angiogenesis inhibitors, and resistant starches in its algorithm. 27 The ANDI score ranges from 1 to 1000, with 1000 being the most nutritious. The NuVal Score is based on an algorithm of the Overall Nutritional Quality Index to measure 30 different nutrients (including vitamins, minerals, bioflavonoids, and carotenoids), protein quality, fat quality, glycemic load, and energy density. The NuVal score rates foods from 1 to 100, with 100 being the most nutritious. 28 Unlike the ANDI score, the NuVal score also detracts for trans fat, cholesterol, saturated fat, sodium, and sugar.
Comparison of the ANDI scores for the top 10 consumed vegetables and fruits are shown in Table 2 . Carrots rooted out the most nutrients of the vegetables at 458, whereas strawberries topped the fruits at a juicy 182. Overall, vegetables significantly outperformed fruits: 227 ± 50 versus 74 ± 15 (mean ± SEM); P = 0.014. The NuVal scoring system gives all whole plant foods near perfect scores. Therefore, all the vegetables and fruits included in the analyses had nearly identical NuVal scores (all >90) and are not shown in the table.
Selected Nutrients in Vegetables and Fruits
Daily intake of vegetables and fruits provides vital vitamins and minerals. The 2015 Dietary Guidelines for Americans recommends vegetables as a source of nutrients such as potassium, vitamin A, vitamin C, vitamin K, copper, magnesium, vitamin E, vitamin B 6 , folate, iron, manganese, thiamin, niacin, and choline. It recommends fruit as a source of dietary fiber, potassium, and vitamin C.
2 Some nutrients currently considered more important and challenging to get in the American diet include vitamins A and C, folate, calcium, iron, magnesium, and potassium. 1 Eating both vegetables and fruits provide these specific nutrients of concern.
The amounts of these specific nutrients in each of the 10 most commonly consumed vegetables and fruits are presented in Table 2 . Per 100 kcal, vegetables contained significantly more folate, iron, magnesium, calcium, and potassium than fruit. However, when compared per serving, no statistically significant differences between vegetables and fruits were found for any of these nutrients. Table 2 presents only the 100-kcal data in the table to show these differences, where present.
Fiber in Vegetables Versus Fruits
As presented in Figure 1 , there are differences in the total fiber content of the vegetables and fruits analyzed. By 100-kcal portions, the vegetables had nearly double the fiber (7.8 g) of the fruits (3.8 g); however, per serving, there was no statistically significant difference in fiber between vegetables and fruits. Notably, 100 kcal of vegetables is, on average, a larger serving than 100 kcal of fruit. This difference is primarily a result of the higher sugar, and therefore higher calorie, content of fruit (15.0 g) compared with vegetables (2.8 g) per standard serving.
Antioxidant Content of Vegetables Versus Fruits
Both vegetables and fruits are good sources of antioxidants but vary in the strength of their antioxidant activity. Two common tests of total antioxidant activity of plants are the oxygen radical absorption capacity (ORAC) assay 29 and the measurement of total phenolics (a specific type of antioxidant). The ORAC score is shown in micromoles of Trolox Equivalence per 100 g (µmol TE/100 g) where Trolox is the standard for measurement of antioxidant power. Total phenolics are measured against Gallic Acid Equivalents (GAE), which uses gallic acid as the standard phenol. 29, 30 Published values for both measurements are available for 100-g portions. 30 For the top 10 addressed in these analyses, fruits have, on average, more than double the ORAC score of vegetables 30 : 1875 ± 375 TE/100 g (mean ± SEM) for fruits compared with 733 ± 124 TE/100 g for vegetables. However, scores for total phenolic content are not as divergent (158 ± 26 [mean ± SEM] for fruits vs 109 ± 31 GAE/100 g for vegetables). For fruits, strawberries had the most of phenolics (332 mg GAE/100 g) and the highest ORAC score of 4302 µmol TE/100 g. Broccoli was at the head of the vegetable list with an ORAC score of 1510 µmol TE/100 g and 316 mg GAE/100 g of phenolics. ," and by reviewing the reference sections of the identified studies as well as relevant reviews and meta-analyses. To be included, studies had to be prospective cohort studies with >1000 participants and present associations for total mortality and mortality related to each condition separately for vegetable and fruit intake. [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] Of 30 publications initially identified by the search protocol, 13 publications comprising 15 international cohorts met the inclusion criteria. Excluded were review studies (n = 2), cohort studies with fewer than 1000 participants (n = 1), duplicative studies (n = 1), and studies that either did not report results for total mortality or disease-related mortality or did not report these results separately for vegetable and fruit intake (n = 11).
Overall, both vegetable and fruit intakes were linked to lower all-cause, CVD, stroke, and cancer mortality; however, the studies reported significant inverse associations of mortality with vegetable consumption more frequently than with fruit consumption. In Table 3 , a significant association between vegetable or fruit intake and mortality was noted only when researchers reported a continuous statistically significant association between mortality and portions or servings of vegetable or fruit consumption.
In all, 10 studies found a statistically significant inverse association with mortality for vegetable intake. 31, 33, 34, [37] [38] [39] [40] [41] [42] [43] One of the studies observed a significant, but nonlinear, trend. 34 Specifically, vegetable intake was associated with lower all-cause, cancer, stroke, ischemic heart disease, and CVD mortality. Among these studies, four did not find an association between fruit intake and mortality. 31, 34, 39, 43 In contrast, eight studies found a statistically significant inverse association of mortality with fruit intake. 32, 33, 35, 37, 38, [40] [41] [42] Specifically, fruit intake was associated with lower all-cause, cancer, stroke, ischemic heart disease, and CVD mortality. Among these studies, 2 did not find an association between vegetable intake and mortality. 32, 35 One study did not find a statistically significant association between mortality and either vegetable or fruit intake. 36 Among the five studies reporting on vegetable subgroups, two studies found a benefit for "salad vegetables" (eg, leafy salads, cucumbers, and tomatoes). 33, 41 One study each found a benefit for "green leafy vegetables," 36 cooked and raw vegetables, 37 and "cruciferous vegetables" (eg, bok choy, cabbage, cauliflower, and turnip 42 ). Of the three studies reporting on fruit subgroups, none reported associations with specific fruits or types of fruits. 35, 36, 41 Results presented here were limited by the individual food categories investigated by researchers in these articles.
Overall, the studies identified in this literature review reported more significant inverse associations between total and disease-related mortality for vegetable versus fruit consumption. However, most studies found intake of both vegetables and fruits to be beneficial, suggesting that both are associated with a mortality benefit. Dietary fiber in vegetables and fruits per serving and by 100 kcal. A final factor to consider in choosing whether to prioritize vegetables over fruits in public health messages is the size of the gap between current consumption and current recommendations. According to the National Cancer Institute, from 2007 to 2010, 87% of the US population did not meet daily recommendations for vegetable intake, whereas 76% did not meet daily recommendations for fruit intake. 44 In a more recent comparison of vegetable and fruit intake by state conducted by the CDC, 13% of Americans were meeting daily recommendations for fruit intake, whereas only 9% were eating the recommended amount of vegetables. 45 The extents of both deficits are disturbing, but there is a larger gap between current intake and recommendation for vegetable consumption.
Conclusion
Currently, there appears to be a shift in public health messages around vegetable and fruit consumption. Whereas the normative ordering of this pair of food groups for decades has been "fruits and vegetables," there are now many examples of health messages referring to "vegetables and fruits." We have asked the question as to what rhyme or reason might justify one order versus the other, and many possible perspectives were considered.
Linguistically there are general principles of ordering binomials that suggest reasons of sound and syllable to support starting with fruits. But, as health professionals and scientists, we feel that other factors are relevant and should be applied. We dove into the botanical weeds to acknowledge the bounty of anatomical confusion between the two. This would surely incline one to use them together in any health message for the practical purpose of grounding reason in science. Using the cognitive psychology of word order, a phrase that is less familiar increases the cognitive load needed to process the anomalous word order, and it tends to become more deeply embedded into the memory; this could argue for switching to vegetables first to promote more people to think about both vegetables and fruits and keep them in mind. Nutritionally, when considering energy density and nutrient density, whereas both food groups beat all packaged processed junk foods to a pulp, there was a trend for vegetables to edge out fruits. Summarizing available observational cohort studies that reported on associations between vegetable or fruit intakes and mortality, the strength of the evidence was slightly more consistent in supporting vegetable intake. Finally, citing current data on American consumption patterns relative to national recommendations, we found a larger gap in vegetable versus fruit intake, which adds greater urgency to emphasizing vegetables first.
Overall, we do find that there are several rationales for referring to this duo as "vegetables and fruits," rather than "fruits and vegetables." However, we would not be so bold as to suggest that reversing the trajectory of diet-related chronic diseases depends on getting this order correct. In fact, we strongly believe that meaningful health impacts from dietary changes will require large increases in both vegetable and fruit intake-larger than have been accomplished in recent decades. It is hoped that messaging strategies, such as the USDA transition from the Food Pyramid to MyPlate, will affect behavior change by simply framing half the plate as ideally coming from these two important food groups. Given the disparities between current intakes and recommendations, public health professionals will need to do more to close the gaps for both food groups. But when it comes to vegetables and fruits, we conclude that there is good reason to use "vegetables and fruits" as the word order of choice in public health messaging.
